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Abstract. According to current plans, the SIM/NASA mission will be launched just after the 
end of operations for the Gaia/ESA mission. This is a new situation which enables long term 
astrometric projects that could not be achieved by either mission alone. Using the well-known 
perspective acceleration effect on astrometric measurements, the true heliocentric radial velocity 
of a nearby star can be measured with great precision if the time baseline of the astrometric 
measurements is long enough. Since white dwarfs are compact objects, the gravitational redshift 
can be quite large (40-80 km/s), and is the predominant source of any shift in wavelength. The 
mismatch of the true radial velocity with the spectroscopic shift thus leads to a direct measure of 
the Mass-Radius relation for such objects. Using available catalog information about the known 
nearby white dwarfs, we estimate how many masses/gravitational redshift measurements can 
be obtained with an accuracy better than 2%. Nearby white dwarfs are relatively faint objects 
(10 < V < 15), which can be easily observed by both missions. We also briefly discuss how the 
presence of a long period planet can mask the astrometric signal of perspective acceleration. 
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1. Introduction 

Perspective acceleration has been previously measured usin g astrometry for a few 
nearby stars using g round-based (eg. iGatewood fc Russelllll974l ) and space-based astro- 



metric observations ( Dravins et al. 19991) . The motion of a star on the unit sphere can 



be obtained by the straight forward normalization of the trajectory vector as a function 
of time. 



l(t) 



r + v (t - t ) + d [t, t ] - x obs [t] 
|r +v(t-fo) + d[i,t ] -x obs [t}\ 



(1.1) 



where the squared brackets [. . .] indicate explicit dependence on t. The vector d contains 
any nonlinear contribution to the stellar motion (eg. a Keplerian o rbit). To the second as- 



trom etric order, the motion of a star on a locally tangent planet (see l Anglada-Escude fe Torra 
2006f ) can be written as 



A RA = (A + Mra (t - *o) + Sra [*, to] - *Pra) (1 - R) 
Yr> ec = (Y + /i D oc (t - t Q ) + S Bcc [t,t ] - 7rp Doc ) (1 - R) 



R = R + —v T (t - t ) + 5 X [t, t Q ] 
ro 



(1.2) 
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Figure 1. Apparent motion of a star during 10 years due to a planetary companion(black), 
perspective acceleration (red), and the combined effect (brown). Both axis are in [i&s. 



where and MDoc are the proper motions, the (Ts contain the nonlinear motion terms, 7r 
is the parallax and pra & PDec are the corresponding parallax factors. The proper motion 
in R.A. is /ip A = /ira cos Dec. This differs from the old convention by the cos Dec term 
which properly accounts for the deformation of the azimuthal coordinate (R.A) towards 
the poles. The radial motion is entirely contained in R and contributes as a second order 
effect. The so-called perspective acceleration is the product of the proper motion and the 
true radial velocity (i.e. v r /d in R) and grows quadratically with time in the direction of 
the proper motion. 

The true radial velocity of the star is obtained if the perspective acceleration can be 
observed. Compared to the observed spectroscopic shift, the difference can be attributed 
to several physical processes, such as the gravitational redshift and the convective outflow. 
However, the gravitational redshift in white dwarfs (~ 70 km/s) is the dominant source 
of non-kinematic shifts. The astrometric signal of the offset induced by the gravitational 
redshift for a white dwarf is 

1 ,. . .i GM M, i? carth 

68.9 km/s— — (1.5) 



CiGK = A* "GR (* - t ) 

ro 



VGR 



Rc ' M sun R* 

This method was first demonstrated bv lGatewood fc Russelll (1974) on the Van Maneen 
2 star. The gravitational redshift has also already been measured in binary systems such 
as Sirius B. Gaia+SIM offers the opportunity of applying the method to a statistically 
significant number of nearby white dwarfs. White dwarfs can be used as absolute stellar 
candles to obtain distance measures and abs olute photometry to old stellar co mplexes 
such as globular clusters and nearby galaxies ([Davis. Richer. King, et al. 1120081 ). 



2. Perspective acceleration in the presence of planetary companions 

Long term astrometric observations will be extremely sensitive to planets around white 
dwarfs. Most planetary companions to white dwarfs are expec ted to lie in regions exterior 
to a primordial separation of 3-5 AU (|Villaver fc Livid 120071 ). which due to central star 
mass loss on the red giant branch corresponds to final separations of between 6-12 AU 
or larger. The presence of a long period planet (P>15 years) should be obvious when 
combining Gaia+SIM data sets, but its signature will be strongly correlated with the 
perspective acceleration effect. The combined signal of a planet with a relatively short 
period compared to the time-span of the observations is shown in Fig. [T] In the short pe- 
riod case the decoupling of the perspective acceleration with the planet signal is feasible. 
In the case of a long period planet, only the orbital motion perpendicular to the proper 
motion can be measurable independently. While these systems are interesting from the 
point of view of planetary systems evolution, they are not useful for gravitational redshift 
studies. 
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Figure 2. Each point represents a nearby White Dwarf. The relative accuracy at which the 
mass can be determined is plotted against the distance. The left panel shows Gaia observations 
alone(5 years). The right panel shows Gaia+SIM(10 years). 

3. The nearby white dwarf sample 

We have collected a sampl e of white dwarfs in the Solar neighborhood (d<20 pc). 
We compiled the sample from lHolberg et alj (|2008bl ) with proper motions obtained from 
SIMBAD. In our knowledge, it represents the most complete sample of WD within 20 
pc. The distances determined are trigonometric parallaxes if ava ilable. Except f or a few 
binaries (eg. Sirius B), the masses are based on model estimates iHolberg et al. | (l2008al) . 
The gravitational redshift and its astrometric signal have been simulated in Gaia-alone (5 
years), and Gaia+SIM (5 years 4- 4 SIM epochs at lO/xas), obtaining a realistic estimate 
of what can be obtained for each star. 



4. Conclusions 

We show how the gravitational redshift term is very significant in the apparent mo- 
tion of the star and can be measured by comparing the perspective acceleration ef- 
fect (astrometry) and the Dopplcr shift (spectroscopy). We find that combining Gaia+SIM 
observations, the gravitational redshifts of 35 already known objects can be measured 
with an accuracy of 2%. This number may grow as new nearby white dwarf candidates 
are identified. The redshift of ALL the known white dwarfs within 20 pc can be obtained 
with an accuracy better than 10% with 4 additional SIM epochs added to the Gaia ones. 
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